Calla lily is an appreciated specie used for flower arrangements. In spite of its commercial importance, there is little information on calla lily postharvest conservation. Thus, this study aimed to determine the best sucrose concentration for pulsing and cold storage conditions to extend calla lily postharvest durability. Flower stalks were submitted to a pulsing pre-treatment using 2, 4, 8, 12 and 16% sucrose in the solution, for one hour, plus a treatment with direct storage in cold chamber (4 o C), without a prior-treatment. Dry storage or storage in solution with the commercial product Flower ® was also tested. A completely randomized design was used with four replicates and three inflorescences per plot. Spathe length and width were daily measured from which the opening and wilting processes were analyzed. It was observed that pulsing with sucrose was efficient in extending calla lily inflorescences opening process and durability. Dry storage for short periods (less than six days) can also be used, but a prior-treatment with 12% sucrose pulsing for one hour or with a water supply for the same period was required. For storage in solution, a pulsing with 5% or 7.5% sucrose was recommended.
INTRODUCTION
Adequate carbohydrate concentrations in the inflorescences at the time of harvest are determinant in extending vase life (MARISSEN, 2001) . Carbohydrates are the main energy source necessary for the inflorescence postharvest biochemical and physiological processes (NOWAK; RUDNICKI, 1990) .
Exogenous sugar supply delays senescence in inflorescences (PAULIN, 1986) . Sugar acts in the maintenance of basic processes to extending the vase life of inflorescences (NOWAK; RUDNICKI, 1990) . For most plants, sucrose is the main translocated sugar (TAIZ; ZEIGER, 1991) and the most used sugar for inflorescence conservation. It can be supplied in the form of pulsing, before or after storage, or even in the maintenance solution (NOWAK; RUDNICKI, 1990) .
Inflorescence opening after harvest is a process that requires an energy source and complete tissue turgidity. Sucrose supply by pulsing meets these two requirements, due to the fact that it is an energy source and also its presence decreases the water potential of the inflorescence which improves water uptake by the flower stalk (KONFRANEK; HALVEY, 1976) .
The most efficient sucrose concentration used to extend inflorescence vase life varies with the species. For example, for Gladiolus sp. it is recommended pulsing with 20% sucrose solution (KONFRANEK; HALVEY, 1976) , 15% for Cyclamen sp. (HALEVY, 1984) , 10% for Consolida ajacis (FINGER, 2001) , and 5% for lily (BARBOSA et al., 2006) .
Inflorescence storage in solution is the most used method, but presents the disadvantage of occupying a large space inside the cold chamber unlike the dry storage. According to Nowak e Rudnicki (1990) inflorescences stored in solution present higher durability and turgidity, although, it is possible to storage with quality calla lily in solution or in a dry system (ALMEIDA et al., 2008) .
The objective of this study was to determine the best sucrose concentration for pulsing and storage conditions for calla lily to extend their postharvest durability.
MATERIAL AND METHODS
Calla lily flower stalks were harvested in the morning (7 am) and then taken to the laboratory. The harvest point was determined when the inflorescences were completely open, before the spathe tip curled down and without pollen on the spadix (NOWAK; RUDNICKI, 1990; ALMEIDA; PAIVA, 2005) .
Fourteen treatments were tested resulting in a complete factorial design consisting of six postharvest procedures, two forms of storage and two additional treatments [(6 x 2) + 2]. A completely randomized design was used with four replications and three inflorescences per plot.
The post harvest procedures were pulsing with sucrose for one hour at concentrations of 2, 4, 8, 12 or 16% plus a control in pure water for the same period. After these treatment, all the flower stalks were placed inside a cold chamber (4° C) in dry storage (the flower stalk bases were placed horizontally on shelves) or placed in solution with 14 mL L -1 of floral Flower ® preservative. The first additional treatment consisted of inflorescences that were taken immediately to the cold chamber after harvest without pulsing, and were stored in solution with the floral preservative Flower ® . In the second additional treatment, inflorescences were harvested and taken immediately to the cold chamber without pulsing, in a dry storage. Inflorescences remained for 10 days inside the cold chamber (4 o C), in the dark, being removed after this period and maintained at room temperature (23° C) for 5 days. Daily, they were evaluated and classified by quality according criteria shown in Figure 1 , and also was observed the number of days that the inflorescences remained in each class. The stalk base opening was also observed. Spathes length and width were daily measured for analysis of the opening and wilting processes.
Class A1
Class B (detail) Class C Class A2
Figure 1 -Standard used to assess calla lily inflorescence quality. Class A1: turgid inflorescences, erected spathe tip, absence of wrinkles or necrosis; Class A2: turgid inflorescences, spathe tip slightly curled down, absence of wrinkles or necrosis; Class B: turgid inflorescences, spathe tip curled down, presence of wrinkles, absence of necrosis; Class C: wilted inflorescences, spathe tip curled down, presence of necrosis.
RESULTS AND DISCUSSION

Results
Inflorescences treated with sucrose pulsing or when flower stalks were placed in water before storage, presented higher durability in class A1 (8 days) and in the classes considered ideal for commercialization A1+A2 (10 days). Table 1 shows that the inflorescences from the two additional treatments (no pulsing) received this classification for a period of only 5 days (A1) and 7 days (A1+A2). Thus it is possible to consider that the prior-storage treatment of calla lily inflorescences, even with pure water only, is essential to extend their vase life, regardless of the storage system, whether dry or in solution.
Comparisons of the two additional treatments showed that the inflorescences without prior-storage treatment, when stored in solution, presented durability in class A1 for 7 days and in classes A1+A2 for 10 days. However, the inflorescences that were kept dry in the cold chamber remained in A1 and A1+A2 classes for only 3 days (Table 2 ). These inflorescences quickly lost quality due to the stress that they were submitted. Besides the lack to receive pulsing postharvest, they remained without water during storage. remained in the A1+A2 class for 11 days, but at a lower sucrose concentration, 5.23%.
As it was observed for A1+A2 quality class, in A1+A2+B classification (total longevity), the higher sucrose concentration was more efficient for dry storage and the lower sucrose concentration resulted in greater longevity when the inflorescences were stored in solution (Figure 3 ). When dry storage was analyzed, the best sucrose concentration was 11.46% and the inflorescences remained at the (A1+A2+B) commercial standard for 13 days. However, when the inflorescences were stored in solution, the use of 5.44% sucrose solution provided the greatest durability in the A1+A2+B classes (12 days).
Pulsing using 4, 8, 12 and 16% of sucrose solution was efficient in preventing the base of the flower stalk from opening, regardless of the conservation system, whether dry or in solution. It was also observed that flower stalks presented bases a little closed and color differences in higher concentrations (12 and 16%), which, however showed no interference in the inflorescence quality.
It was observed during the experiment that shortly after harvest, the spathes dimensions increased, both in length and width, which characterized the inflorescence opening process.
When the inflorescences were placed in solution during storage, there was an increase in the spathe width until the eighth day (Figure 4 ), decreasing progressively, even when the inflorescences were removed from the cold chamber.
Inflorescences stored dry in the cold chamber presented an increase in the spathe width until the sixth day (Figure 4 ). After this period, the spathe width decreased until the 10th day, when the inflorescences were removed from the cold chamber and placed in receptacles with water at room temperature. The inflorescences regained their Means of followed by the same letter in the column do not differ by the F test at 5% level probability. Means followed by the same letter in the column do not differ by the F test at 5% level of probability. Figure 2 -Average number of days of calla lily inflorescences remained in the A1+A2 classes as a function of the storage system (dry or in solution) and the sucrose concentrations used in pulsing.
When flower stalks was stored dry, the use of 12.25% sucrose concentration for pulsing showed to be the most efficient treatment (Figure 2 ). Flower stalks treated with this concentration remained 11 days with A1+A2 classification. The inflorescences placed in solution also turgidity one day after water supply, both in the flower stalk and spathe, and consequently there was an increase in the spathe width until the 13th day decreasing again after this period. Even with turgidity recovery after placing the flower stalks in water, the inflorescences did not return to the commercial pattern presenting necrosis on the spathe. Thus it was inferred that calla lily inflorescences should not be dry stored for extended periods, with the occurrence of spathe necrosis in this situation. The indicated period for storage dry is up to six days. Figure 5 shows that the spathe width decreased until the 11th day on inflorescences that did not receive the prior-treatment and were stored dry. This reduction resulted from the turgidity loss that was observed visually and by touching in the spathe and the flower stalk. The turgidity loss was so intense that it prevented the inflorescences to remain erect.
These inflorescences, when removed from the cold chamber (4° C) and placed in receptacles with water at room temperature, re-hydrated with a progressive increase in the spathe width until the 12th day. This effect was also observed visually and through touching, observing the increase in inflorescence turgidity. After this period, the spathe width decreased again until the 15th day.
The inflorescences that had no prior-treatment and were placed in the cold chamber in solution presented continuous increase in spathe width until the seventh day of the experiment, unlike the dry stored inflorescences. After this period, the inflorescences presented progressive reduction in spathe width, even after removal from the cold chamber ( Figure 5 ). There was a significant interaction among the procedures prior-storage and the packaging system inside the cold chamber. For the inflorescences placed in solution, 7.36% and 7.68% sucrose concentrations resulted in higher spathe width and length, respectively (Figure 6 ). There was no significant difference among the sucrose concentrations for spathe width and length in the inflorescences that were stored dry.
The Figure 7 shows that there was significant difference between the number of days at which the inflorescences were assessed and the conservation system used. It was observed that in the dry stored inflorescences, the spathe length decreased progressively until the 10th day of storage and, after removal from the cold chamber and placing in recipients with water. One day after water supply, an increase was observed in the calla lily spathe length in function of turgidity recovery. Further increase in spathe length was observed up to the 14th day, but decreased after this period. The inflorescences that were placed in solution with floral preservative presented a progressive increase in spathe length.
Figure 5 -Calla lily inflorescence spathe width (cm) in function of days, for flower stalks with no pulsing and were stored dry or in solution. 1-10 days inflorescences maintained in cold chamber at 4° C; 11-15 days inflorescences maintained at room temperature. 
Discussion
These results are accordance with Paulin (1986) who observed that the exogenous sugar supply delayed inflorescence senescence and the sucrose supply was efficient. For most species, sucrose is the main translocated sugar and, therefore, the form of carbon that most of the nonphotosynthesis tissues import, can be considered the main sugar substrate for plant restoration (TAIZ; ZEIGER, 1991) .
The use of 12.25% sucrose concentration was the most efficient for the dry conservation system. The tissues probably required higher carbohydrate reserves to maintain their biochemical processes, which, consequently, increased inflorescence longevity (NOWAK; RUDNICK, 1990) . The lower concentration (5.23%) was satisfactory for the inflorescences maintained in solution since a continuous water and carbohydrate supply was available with the maintenance solution.
This result indicated that calla lily inflorescences can be stored in a cool environment, without preservative solution or water. According to Nowak e Rudnicki (1990) , some species present a longer conservation period, with desirable quality standards, when they are stored dry. The dry storage system has the advantages of occupying less space inside the cold chamber and is more practical for producers, wholesalers and retailers and for transport in refrigerated trucks, once there is no need for frequent solution change. Furthermore, the flower stalks can be placed on shelves inside the cold chamber or in refrigerated truck for calla lily dry storage and inflorescence transport.
The absence of splits in the base of the flower stalk, resulting from the prior-treatment with sucrose at the higher concentrations is desirable. The aspect present by the flower stalks, with split bases, limits the quality of calla lily inflorescences and it is difficult to fix in arrangements. Furthermore, the exposed area of the flower stalk base is large which facilitates microorganism development.
According to Kofranek e Halevy (1976) , suitable sucrose concentration for extending inflorescence durability depends on the species. The results observed in calla lily show that in addition to the used species, flower management after supplying exogenous sugar was also important in determining the most adequate concentration to maintain inflorescence quality.
Reduction in spathe width indicates that the edges had wilted. This characteristic associated to the occurrence of necrosis indicates inflorescence senescence (TJIA; FUNNELL, 1986) . Thus it is desirable that the spathe increases slowly in width so that it remains as many days as possible in the expansion stage, which was possible using pulsing with 7.36% sucrose solution (spathe width) ( Figure 6 ) and 7.68% (spathe length). The results indicate that pulsing with 7.5% average sucrose solution before storage, may be used to delay wilting in calla lily inflorescences placed in solution, indicating higher durability.
The inflorescences that recovered turgidity after water supply presented no commercial quality due to the occurrence of necrosis. It was concluded that the period for calla lily inflorescence dry storage should not be as long as the storage period for inflorescences placed in solution. During dry storage for a shorter period (up to six days), the inflorescences presented wilting but recovered turgidity quickly when placed in water, presenting quality for commercialization. 
